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Abstract

The problem was that the Austin Fire Department (AFD) had been asked to provide construction
plan review and ingpection services on a semiconductor fabrication plant project, faster and in more
detall than was normally expected. The purpose of this study was to provide atemplate for fire
department participation needed by the semiconductor industry in completing new plants. The research
method used for this study was the descriptive research method.

There were three research questions to be answered in this paper. What items did the Austin Fire
Department provide as part of the team effort on its most recent semiconductor project? How much
time was spent by Austin Fire Department personnd as part of the project team? How many
inspections and hazards were found by Austin Fire Department personnd during congtruction? These
were answered by providing amonthly description of AFD activities and participation. An accounting
of monthly and total hours spent by different AFD staff was provided. An accounting of monthly
ingpections and hazards found was provided for Fire and Life Safety systems, and Hazmat systems. An
informal survey of project managers was aso conducted to provide an indication of project team
opinion about AFD participation.

The results of this study were that AFD activities provided criteria for successful fire department
participation. Monthly hours needed by AFD staff indicated thet utilizing pecidty contactsin ateam
concept had benefits to both AFD and the project managers. Monthly ingpections and hazards found
judtified AFD participation, and the informa opinion survey indicated that the project team was satisfied
with AFD’s level of participation. 1t was recommended that AFD continue using their present

methodol ogies with some minor additions.
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Introduction

The problem isthat the Augtin Fire Department was asked to provide congtruction plan review and
ingpection services fagter and in more detail than was normaly expected.

The purpose of this study isto provide atemplate for providing fire department services needed by
the semiconductor industry in completing new fast track facilities.

The research method used for this study is the descriptive research method. It is hoped that by
describing a successful method of participation, that other fire departments can successtully participate
in future semiconductor fabrication plant projects.

The research questions to be answered in this paper are:

1. What itemsdid the Austin Fire Department provide as part of the team effort to meet the needs

of afast track, semiconductor fabrication plant project?

2. How much time was spent by Austin Fire Department personne as part of the project team?

3. How many ingpections and hazards were found during congtruction by Austin Fire Department

personnd in an effort to help the team be successful?

Background and Significance
Thefirst mgor high technology company to locate in Augtin was IBM in 1967. Itsfirg facility was
built on the north sde of town. Soon other companies tied to the computer industry built facilitiesin
Audtin. 1n 1969, Texas Instruments aso located its circuit board plant on the north sde of town.
Motorola built its first semiconductor fabrication plant in 1973, on the east Sde. On the southeast Sde

of town, Advanced Micro Devices, Inc. opened its first semiconductor fabrication plant in 1978.



Audtin’ s reputation as agrowing high tech center was given nationd attention in 1983 when it was
chosen to be the location of the Micro Computer Consortium (MCC). This was a government
sponsored group of companies organized to collectively research advancements in computer
technology. High tech development continued to increase later that year when Advanced Micro
Devices, Inc., and Motorola each started their second semiconductor fab Sites.

Until 1984, these facilities were built utilizing building permitting and inspection policies that
followed atraditiond time schedule. The traditiond permitting and ingpection methods used by the City
required forma submittal of plans, review by City officids, revison by the design team, and resubmittal
to officias. This procedure was required in successon for subdivision reviews first, zoning second, and
finally congderation for building permits. Construction could not be started until al development
gpprovas and building permits were issued. Once congtruction was finished, and depending on who
was available on aparticular day, different building ingpectors sgned off when building sysems were
completed. A certificate of occupancy was not issued until al work was complete. The company then
was dlowed to move in and inga | production equipment. The Augtin Fire Department did not
participate in plan reviews and performed only minima ingpections during congruction of high tech
projects. The few fire ingpections performed were mainly oriented toward generd fire safety issues.
The fire codes used during this time were not specific regarding semiconductor fabrication plants or
chemical usage. This changed in 1984 when AFD assigned uniformed fire personne to perform
congruction plan reviews.

Prior to 1984, two Lieutenants were assgned to review plansfor high rise buildings and gpartments
having more than 50 units. After March 12, 1984 the policy changed to require fire code plan review

for dl projects over $10,000 in value. The AFD plan review staff was increased to four lieutenants and



one fire protection engineer. They were responsible for verifying that fire access was provided, and for
review of fire sprinkler systlems. 1n 1985, the uniformed plan reviewers were reduced to one Lieutenant
and the others absorbed by the existing ingpection section. Four fire protection engineers were hired to
perform fire sprinkler and fire darm plan reviews. Thisincrease in fire prevention technica expertise
was accompanied by AFD being given the respongbility for expanding its dutiesinto hazardous materid
sfety.

By 1984, many citiesin Cdifornia’ s Silicon Vdley had adopted locd ordinances regulaing the use
of toxic gases and other hazardous materids. At thissametime, Augtin experienced two fires at
facilities storing hazardous materials. Oneinvolved an acid lesk and eectricd fire at a business called
Ausdtin Circuits. Another wasamgor fire a a solvent blending and repackaging facility called
Southwest Solvents & Chemicals. Firefighters did not have information regarding the chemicas located
a these fadilities, and this reinforced the need for adoption of loca ordinances requiring hazardous
materid reporting and accident prevention. An ordinance requiring chemical inventory reporting was
passed by City Council in 1985. Along with this new ordinance, City Council approved a budget
amendment that allowed AFD to hire three Environmenta/Chemicd engineers. The additiondl hazmat
information and technical expertise proved timely, as apair of semiconductor plant fires occurred over
the next two years.

A firein an exhaust duct at Advanced Micro Devices, Inc. in October 1986 resulted in the
evacuation of 125 employees, but no call to 911. The fire was caused by aleak of the pyrophoric gas,
dlane. Thiswas congdered aminor fire by the company as a sorinkler system in the duct controlled the
fireimmediatdy with minima damage, however AFD fdt it should have been reported. The locd press

ran severd storiesthat discussed aneed for improvements to the fabrication plant fire darm system.



Anather fire involving slane occurred at the Motorola semiconductor fab in East Audtin, in March 1987.
Silane lesked from a compressed cylinder in one of Motorola s semiconductor wafer processes and
ignited immediately. The fire was reported a 12:22 PM and was not declared under control until 5:09
PM. Therdease, falure of exhaust equipment, and the inability of fire sprinklersto control the fire
indicated that AFD needed to become more involved in the initid ingdlation of chemicd safety systems.

In 1988, another national competition resulted in Austin being chosen asthe site for anew
government sponsored research group. The Sematech consortium was organized to provide research
geared toward keeping American semiconductor production ahead of Jgpan’'s. Aspart of the
agreement to locate in Austin, community leaders and public officids agreed to provide afacility for the
consortium. The time schedule required for completion of the facility necessitated a speeded up
gpprova process, unheard of construction ingpection deadlines, and anew concept of dlowing
production equipment ingtalation and partid building occupancy, prior to completing construction.
The City of Audtin fdt it best to assgn on-ste ingpectors full time to the project for handling building
code design and inspection issues. The Uniform Building Code (UBC) and Uniform Fire Code (UFC)
organizations had been working on new provisions covering semiconductor fabrication plants and
hazardous materids. These code sections had not been completed at the time the Sematech project
began, so the consulting firm of Rolf Jenson & Associates provided a Project Safety Program Manual.
Thisincluded many fire issues that AFD had been reviewing and ingpecting on other projects, dong with
many new safety features for semiconductor hazmat. It became apparent that the Austin Fire
Department was going to be much moreinvolved in this high tech project.

The Fire Marshd felt it best to designate afull time lieutenant ingpector as the department’ssingle

point of contact. Thisindividud was responsible for coordinating the necessary plan reviews with the



department’ sfire protection and hazmat engineers. The lieutenant was aso responsible for performing
al necessary fireingpections. Having asingle point of contact proved inadequate once the fast track
congtruction was started. There were just too many issues, as the Sematech project progressed in
continuous cycles of designing-thenconstructing each required system. As one part of the building was
being congtructed, the next was under design. As one system was ingtdled, another was being
designed. By default, the lieutenant soon found himself being a full time inspector, with the engineers
providing direct coordination. The Sematech project set a precedent in Audtin, and it was evident that
more fast track projects were on the way.

Motorola began an expansion caled MOS 11 adjacent to their existing west Audtin fabrication
plant in 1989. For this project they asked the City Council to provide approvals and construction
inspection using afast track schedule smilar to that used on the Sematech project. The City had
recently adopted the new Semiconductor Fabrication Plant, and Hazardous Materias provisions added
to the 1988 Uniform Fire Code. It was decided that technical staff would be assgned responghility for
design coordination, and on-Site ingpectors would be made more accountable for solving problemsin
thefidd. Thisrequired assgning technicd saff to the design team for indant reviews, and full time
ingpectors to the congtruction site to handle problems and faster approvas. The Fire Department
assgned one full time fire protection engineer, one full time fire ingpector, and one part-time hazmat
engineer to the project. Unfortunately, turnover in the fire department’ s ingpector and hazmat
engineering ranks caused problems. Theindividua assgned to the lieutenant ingpector dot transferred
to another position, and the hazmat engineering staff was hit with a series of resgnations due to better
job opportunitiesin the private sector. Thisleft one full-time fire protection engineer and a series of

part-time lieutenant inspectors to participate. Even <o, the project was completed on a positive note



with Audtin generaly gaining a reputation for fast completion of semiconductor facilities. AFD was
generdly pleased, but the need for someone filling the hazmat coordination role was identified on
severd occasions where the congtruction of chemica safety systems did not meet the new UFC
provisons. Thiswas not the last chance AFD had to make improvements to its participation on fast
track projects.

The City of Audtin experienced an increase in requests from devel opers and businesses for what
many consdered, was preferential treatment. This necessitated adoption of aformal fast track approva
process by the City in 1992. Three of the mgor requirements for quaification to use the new Fast
Track Program included:

1. Hiring a certified Fast Track Coordinator responsible for providing liaison between the owner,

architects, engineers, contractors, and City staff.

2. Approvd of acongruction schedule by the City Council asbeing feasble.

3. Completing minimum gte utility work, environmenta protections, and fire safety congtruction

prior to beginning any building congruction.
Thisforma process was used by the semiconductor industry in 1992 and 1993 for two mgor
expandons of existing semiconductor fabrication plantsin Audtin.

Motorola began design and construction of its MOS 13 project in 1992 adjacent to its existing
plantsin east Austin. Advanced Micro Devices, Inc. began its Fab 25 project in July, 1993 adjacent to
its exigting plantsin southeast Ausdtin. City staff had to provide fast track participants for two projects
that would be staggered by only afew months. The building department was given gpprovd to hire two
additiond inspectors to help handle the anticipated load. A ful-time building, plumbing, and dectrica

ingpector were assigned to be on-Ste as requested by the semiconductor companies. Thefire



department did not request additiond personnd asit had afull g&ff of five fire protection and three
hazmat engineers. It was fdt engineering duties could be prioritized. Those day-to-day workload items
with higher priorities could be shifted to the other engineers, and those lower priority items could be
delayed until the end of the semiconductor project. AFD aso fdt it could handle the demands of the
two jobs by utilizing ateam gpproach rather than a sngle- point- of-contact policy. Each project was
assigned a part-time fire protection engineer, a part-time hazmat engineer, and two part-time
inspectors. The engineers were responsible for design issues and specid inspections such as hazmat
sysems. The lieutenant ingpectors were responsible for job-ste fire safety and fire systlem ingpections.
Both of these semiconductor facilities progressed dong smilar construction schedules though
completion of the base building sructures. The building finishout, fit-up of production equipment, and
chemical system indalation were different in each case due to changes in the semiconductor business
economy. A down-turn in demand for semiconductors caused Motorola to suspend their construction
of MOS 13 once the structure was up and fire protection sysemswereinstdled. They currently are
ingtdling production tools and equipment for future production. Advanced Micro Devices completed
the structure for al of Fab 25 and then ingtdled production equipment and chemicas sysemsin haf of
the building to dlow chipmaking in 1994. The other hdf of Fab 25 wasfinished out in 1995 with the
rest of production starting that year. Even though both projects were down sized, AFD fdt it could
eadly hand a single semiconductor plant congtruction project by utilizing the team approach.

Advanced Micro Devices, Inc. evidently agreed, and in 1994 when that company announced
plants to begin congtruction of anew plant in Dresden, Germany. They brought Dresden city officiasto
the new Fab 25 project for avist. The Dresden officials were given a chance to talk with City of Augtin

building and fire officias. The Dresden group did not include amember of their fire service however,



and mogt the questions involved environmentd issues. Representatives from the City of Eugene,
Oregon dso visted with AFD to discuss fast track semiconductor projectsin 1994. Hyunda had
announced plans to build alarge semiconductor plant in Eugene and they were concerned that thelr
smdl staffs would not be able to meet project demands. The Eugene Deputy Fire Marshd was dso
very concerned about his department’ s technical ability to assure code compliance of the high tech
chemica systems. Similar concerns were echoed in 1995 when Motorola brought the Fire Department
Chief and Fire Marshd from Henrico County, Virginiato vigt their facilities and talk with AFD.
Motorolawas planning a semiconductor plant caled White Oak to be build in the Richmond, Virginia
area. The Henrico County Fire Department officials were concerned mostly about the response issues
that alarge semiconductor plant would bring to their Virginia community. They were dso concerned
about ther ability to provide the technica expertise necessary to ensure that chemica safety was
achieved.

The summer of 1996 brought newsto Austin that it was being consdered for a new semiconductor
fabrication gte that eventudly could have three fabs, each providing approximatey 250,000 square feet
of production floorgpace. The South Korean company, Samsung announced it would build this plant on
Audtin’s northeast Sde of town just outsde the City limits. Samsung decided to request annexation into
the City and was given gpprova to build itsfirgt fabrication plant under the fast track program. City
daffing assgnments smilar to the two previous projects were made with one change. The building
department had noted the fire department’ s ability to meet the owner’ s needs without full-time, on-ste
ingpectors at MOS 13 and Fab 25. For the Samsung project, they too assigned part-time design
coordinators and ingpectors to work as ateam. During this project, agroup of City officids from Tulsa,

Oklahomatoured the Samsung congtruction and visited with Augtin building and fire officids. The



Chamber of Commercein Tulsa had hired a consultant to help promote their City for afuture
semiconductor facility. The Tulsa Building Officid was most concerned with the amount of staff need to
meet the project’sdemands. The Tulsa Fire Marshal was concerned that his department did not
participate in addressing chemica safety issues, as these were part of the building code in his City. Both
asked about gpproximate time and staffing required for completing such a project.

It is hoped that this paper will help providefire officidsin smilar circumstances, answers about
what it islike to participate in afast track congtruction project with a semiconductor business. The
Nationa Fire Academy course, Executive Development, includes subject matter relating to enhanced
team devel opment, problem solving, leading, ethics, creativity, and innovation. The research problemin
this paper concerns fire department participation in atype of project that requires knowledge and ability

in dl these aress.

Literature Review

A review of available literature concerning construction of new semiconductor fabrication plants,
large projects, and fast track projects revealed severa aress of available information. These included
the benefits of anew plant to acommunity, the needs of the semiconductor fabrication industry, the
safety concerns that such fabs posed for locd officids, and how local officias could dedl with
everyone' s needs and concerns.

Bendfits to Community

Adding amgor business to the taxbase of a community is of interest to most eected officids. The
new Advance Micro Devices, Inc. (1997) semiconductor fab built in Augtin, Texasin 1996, added to

the property tax base 950,000 square feet of buildings worth $1.5 billion. In addition to tax base, the
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semiconductor industry in Austin, Texasis one of the area’ s largest employers (Galaga, 1997). More
than 25,000 people are employed a semiconductor fabs or other chip related companies that supply
the fabrication plants. Motorola, with two fabrication plantsin Austin, is the largest semiconductor
company, employing more than 10,000 workers. A new semiconductor fab in the Richmond, Virginia
areawas reported to have received 9,000 job applications. From thisinitia pool, 300 were sdlected
for training (Greater Richmond Partnership, 1997). It was further reported that besides the new
semiconductor fab, severd new businesses had located in Richmond to act as suppliers and vendors for
the new plant.

The desirability of attracting semiconductor plants and support businesses was further illustrated by
the description of three tracts of land in Richmond, Virginiaranging from 365 acres to 2225 acres, that
had been evaduated by consultants working for the Greater Richmond Partnership, Inc. The evauation
was performed in an effort to draw new semiconductor business to the Richmond area. These tracts
were scrutinized in regard to numerous variables critica to the fast track construction requirements of
fab plants. These tracts were compared to 23 other locations in communities that presently have
semiconductor companies. This analyss showed Greater Richmond was ranked as the 5th most
competitive location in terms of operationa costs in the United States.

The findings above show that attracting tax base and potentid jobsis abasic concern of loca
elected officids. When efforts to obtain such business for acommunity are successful, the locd business
community, potentid employees, and eected officids al want the new business to be successful. This
puts additiond pressure on locd building and fire officids to provide excdlent customer service while
gill enforcing the local building and safety codes.

Fast Track Needed by Semiconductor Industry
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The tremendous cost of building a semiconductor fabrication plant has made it increasingly harder
to achieve an acceptable financid return. The need to bring afab on-linein ashort period of time was
illustrated by a comparison of the cumulative cash flows for atypica and a“fast-track” fab (Ward,
Horwath, Hayes, Bracamonte, 1997). A fabrication plant producing chipsin haf the norma time was
caculated to have the potentid to regp an additiona $20 billion in cash flows. The timeto recover initid
investment cogts were shown to be roughly haf, from 32 months for anorma scenario, to 18 months
for afast-track project. These numbers were documented based on present technology being
produced. It was predicted that to accomplish such financid returnsin the future will require further
decreased design and congtruction time, along with decreased process fit-up and production ramp-up
time. A comparison between current and needed time schedules showed that current time to produce
the first chip was about 2 years. Predicted future technology needs to have this time reduced to 1 year.

Burns (1997) describes how the semiconductor industry isacydlic industry. He further related
how the rdatively long planning and congtruction times for semiconductor fabs sometimes results in new
fabs being completed just after the boom in chip revenues has passed. The results of not meeting a fast
track schedule were further described in a newspaper article by Mahoney (1998) concerning Cypress
Semiconductor’s Fab 2. The company missed $10 million in ses due to their Fab 2 plant not being
able to convert to anew chip processintime. Dan Scovel of Fahnestock & Co. in New York was
quoted as saying, “It's not like they were trying to fill an indde straight or something, they were trying to
do something that should have been fairly atainable. They just didn't get it done soon enough.”

Sung Lee, Chairman for Samsung Austin Semiconductor, was interviewed on December 29, 1997.
Mr. Leeindicated that his parent company, the Korean based Samsung Corp., evauated many factors

in making thelr decison as to where to locate their first semiconductor fabrication plant in the United



States. It was generdly known that Austin, Texas wasin competition with Portland, Oregon for the
new plant. Mr. Leereveded that Austin and Portland were tied in many of the categories considered.
Hefdt that Augtin won Samsung’s new location, due to three factors. Firs, existing fabsin Augtin were
using older style technology. Samsung felt they could draw qudified employees easer than in Portland,
where severd new fabs were currently under construction. Second, two fabs had just been completed
in Augtin and Samsung felt experienced contractors would be available. Thiswas a problem in Portland
due to the projects under congtruction in that area. Third, Mr. Lee related that the Stes available in the
Portland area were in suburban areas where city officids were not experienced in deding with needs of
afadt track semiconductor congtruction project. Samsung knew that officias with the City of Audtin
had participated in severd successfully completed semiconductor projects. Samsung fdt this familiarity
would reduce the risk of their project schedule being delayed.

McLaughlin (1997) reated how the semiconductor industry is one of the most regulated by the
Uniform Building and Uniform Fire Codes. Code changes were felt to not occur fast enough to
accommodate the congtantly evolving processes required for manufacturing semiconductor chips. The
rate of change was indicated to be so rapid, that before a semiconductor fab is completed, the
characterigtics of the next generation of fab have evolved. It was fdt that current code requirements
reflect the fab designs of the mid-1980' swhile today’ s fabs are much larger, require greater building
height, and more floor levels. All thisfor additiond equipment and utilities to support the fabrication
(clean room) area. Thislack of updated fire codes, makes the ability to evauate performance rather
that prescribed codes, a necessity for semiconductor construction projects.

The fagt track demands were described from an architects view (Texas Architect, 1996) of a

recent project a Motorola s largest ever congtruction undertaking. Graber, SSmmons & Cowan partner
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Al Simmons described how his firm had to focus more closely on integrated project management
procedures. He described how GSC found itself devel oping a rdationship with their client, and asthe
two companies found their repective ways of communicating very complementary, GSC became
involved earlier in the project development loop. “We are generdigtsfirgt, and that’ s the reason why
we have been able to be successful,” said Smmons. This need to be involved early, and the need to be
flexible carried over into the construction phase as described by GSC's Jm Overton. He described the
schedule from afield perspective that included numerous design items that had to be changed during
congruction on adaily basis. He relayed that despite changes in design, the schedule did not change.
The need for flexibility and the need to meet deadlines are mgjor consderationsin afast track project of
any kind.

The findings above show that a semiconductor company preparing to build a new plant, just like
any business, isinterested in the financid savings and accelerated cash flow that afast track process
dlows The magnitude of financing and return involved, makes it imperative that locd fire officids
provide the new semiconductor company excellent customer service asit regards flexibility of time
schedules, afamiliarity with the processes involved, and an excdlent working relationship with not only
the company, but dso its designers and contractors. While accommodating the design and construction
team, the locd fire officid must dso remember hisor her primary safety role.

Concerns about Semiconductor |ndustry

The tremendous costs, loss of profits, and demands for faster than normal congtruction can cause a
perception among the public and fire officids, that lapsesin safety can occur. The need for assurance

that this doesn't happen is documented in the literature.
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An article describing the evolution of hazardous materids regulation (Hansdka, 1993) mentions
that the groundwork for federd underground storage tank laws where founded as aresult of long-term
leskage from a 5,000 galon underground solvent tank located at a South San Jose, Cdifornia
semiconductor factory in December, 1981. The release was estimated to have taken place over a
number of years resulting in dmost 50,000 gdlons of chlorinated solvents leaking into an aguifer used by
the San Jose areafor drinking water. Prdiminary studies attributed an increased incidence of birth
defectsin the areato the chemica storage system at a semiconductor facility

The “Clean” cyber industry was covered over six monthsin a series of newspaper stories
(Jurgensen, 1998). This seriesincluded information that documented ten out of the 36 plantsin
Cdifornia s slicon valey asbeing cited for hedth and safety problems from 1993-1997. It concluded
that the industry is now building in locations where environmenta and safety regulations are less dtrict. It
aso cited information showing a variance in the number of enforcement inspections between
jurisdictions in Arizona, and how some fire officids there moonlight for the chipmakers that they're
supposed to regulate. These accusations are unsettling, consdering the fire service role in responding to
hazardous materia incidents at facilities involved in semiconductor fabrication.

Emergency responder concerns at semiconductor facilities were described (Fogarty, 1994) in an
article that included a description of the seven main processes used in making semiconductor wafers.
The epitaxid growth process was described as using hydrogen gas, trichloroslane, arsine, and
tetrachlorosilane. The diffusion process was described as using arsenic trichloride, boron trioxide,
phosphorous oxychloride, diborane, and phosphorous pentoxide. The metallization process description
included heating and introduction of chrome, gold, slver and titanium to form the chip’scircuits. A

description of the plating process included chemica immergion in poly tanks with heating e ements that
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increase the risk of ignition. Etching was described as removing portions of the chip and included the
use of hydrofluoric acid, ammonium fluoride, phasphoric acid, and nitric acid. The dry etch process
was described as incorporating gases that include boron trichloride, chlorine, trifluoromethane, and
tetrafluoromethane. Cleaning was the find process described and is performed in wet bench stations
using sulfuric acid and hydrogen peroxide. Firefighting problems due to falure of a plant’s compressed
ar systems, exhaust systems, and production chemical systems were pointed out. The article dso
described unique issues a semiconductor plants in handling gas leaks, rescuesin confined spaces, and
deding with bulk fuels for emergency power generators. This tour of atypicad semiconductor facility
included a description of the elaborate security systems used by the industry to protect themsalves from
theft and espionage. The high degree of security was pointed out as necessitating a high degree of
cooperation between the facility’ s safety personnd, and the responding fire department. Concerns by
the public, semiconductor plant workers, and emergency responders ssem from the perceived hazards
associated with numerous hazardous materias used in the process of building semiconductors. A
primary concern to the insurance industry however, isthe potentid catastrophic dollar loss dueto an
accident.

It can take three months or more to make a semiconductor wafer. The different manufacturing
stages each involve sophisticated and expens ve equipment called workstations, or tools. According to
recent predictions (Skinner & Gettel, 1998), a fabrication facility could cost $10 hillion in 2005. It was
estimated that equipment as a percentage of tota factory cost will continue to rise and reach about 80%
by 2000. These costs cause insurable values at a semiconductor facility to be high. Even so, the
insurance industry (* Semiconductors’, 1996) found that the time it takesto repair aseriouslossa a

plant, may be longer than the life expectancy of the semiconductor being manufactured. This high facility



16

and product loss potentia has forced insurers to take precautions. Some join forces with other insurers
to underwrite accounts on a quota share basis. Some impose loss-limit policies or increased
deductibles in the $500,000 to $1,000,000 range. Business interruption deductibles in the $20 million
to $30 million range are not unredigtic. One IRI account was documented as sustaining a $5 million
loss because afour hour dectricity interruption resulted in afour day shutdown to recalibrate production
equipment. The article described how these potentia costs require loss prevention to be a primary
concern to an insurance company’ s risk manager.

One risk manager’ s nightmare (Dunn, 1998) occurred in a Hanchu, Taiwan semiconductor
fabrication plant owned by ajoint venture of United Microelectronics Corp. and six other North
American chipmakers. A catastrophic fire occurred on October 3, 1997 and caused an estimated
$421 million dollarsin smoke and water damage after burning uncontrolled for about 36 hours. Al
semiconductor production equipment was destroyed but there were no injuries. 1t was predicted that
the plant might be shut down for ayear. Both the building and equipment were fully insured, according
to company officids. Taiwan's Council of Labor Affairs caled for safety upgrades throughout the
nation’ s semiconductor industry. According to the Council, Taiwan's production lines had experienced
firesa least twice ayear.

The findings above show that fast track congtruction of a semiconductor facility includes building a
specidized production building, ingaling highly technica production equipment, and ramping up
production dl in avery tight time schedule. Getting anew plant ready concentrates many man-hours of
work toward that god. Public concerns, responder concerns, and the high loss potential make it

imperative that someone fill the role of providing loss prevention oversight.
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Deding with Large Fast Track Projects

The literature does not provide direction specifically amed a how afire department can ensure a
successful semiconductor plant construction project. There are however, numerous examples of
business friendly philosophies used or suggested by fire departments and fire officids.

How the Boston Fire Department deals with specid workloads relating to large congtruction
projects was discussed in an interview (Touger, 1998) with Fire Marsha/Deputy Chief Joseph M.
Heming. When asked if massive congtruction projects placed any burdens on his department, Fleming
had some solutions. Regarding specid equipment or training needs for response to a specid facility, the
project management was asked for compensation. When decisions on compliance issues exceeded the
expertise of his department, the project management was asked to hire an outside consultant to submit a
report dealing with the department’s concerns. This article was not specificaly about semiconductor
plant congtruction, but it indicates that perhaps afire department should consder relying more heavily on
the owner to provide the technica oversight and pre-construction quality control that some Fire
Departments prefer to accomplish themsdves through detailed plan reviews.

Rdiance on locd fire officids for hazmat incident prevention, instead of federal and Sate agencies
was discussed (Hanselka, 1993) in an article that pointed out benefits the loca fire department can
provide regarding hazmat risk reduction. The article relates how the locd fire department can provide
one-on-one interaction with local business, and points out that state and federa agencies have no
mechanisms for timely response to local emergencies. These factors dlow afire department to

drengthen its relaionship with local busness and improve risk management. Thisisin comparison to
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hazmat prevention programsin state and federad government that typicaly cal for only paperwork
compliance. Accountability isakey factor that the fire department can provide. Consultations,
discussions, explanations and gpprovd of dternative methods are presented as fire department
responghbilities. 1t isaso pointed out that project requirements dictated by the fire department, must
also be tempered in a cost-effective manner. This suggests that the fire department look for waysto
developed a trusting relationship with the new semiconductor business; its design team, and its
contractors. It indicates that the fire department can accomplish this by providing risk reduction
consulting services to the new semiconductor business, dong with the project’ s design consultants and
contractors.

Private/Public partnership is the topic of an article (Loesch & Hammerman, 1997) that describes
the working relationship developed between a county building department and aloca research facility.
The Howard County, Maryland Department of Inspections, Licenses and Permits (DILP) worked out a
mutudly beneficid system for ensuring building code compliance a The John Hopkins University
Applied Physics Laboratory. The system established a rigorous in-house quaity control assurance
procedure followed by the Laboratory. It dso provided for random inspections by the DILP. This
partnering system incorporates the use of a Master Building Permit. This permit alows the Laboratory
the freedom needed to complete continual in-house dterations that are required to meet research gods.
It S0 ensures DILP that a documented quality assurance system is being followed for design review,
construction document code compliance, and in-house inspections with written certifications that
congtruction has been completed in accordance with plans and specifications. Essentidly, DILP dlows
the Laboratory to complete dl design and construction, then ensures accountability by relying on

random spot checks. It was noted that trust is sometimes a problem. It seems some builders fear that
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second-guessing by the building officids during the random find ingpections, could require mgor
changes after congtruction is completed. This concern was addressed by clearly establishing the
requirement for accountability during design and construction. Thiswas a shared respongbility between
the Laboratory and the Building Department. The Laboratory ensured accountability during design and
congtruction by use of check ligts that require a series of sgn offs by qudified personnd. The County
ensured accountability by checking qudifications, and random inspections of the work completed. This
type of process indicates that a performance oriented system of find checks, rather than a prescriptive
system of detailed plan review by a government agency, might be gpplicable for congtruction
environments requiring constant change.

Two consultants wrote a guidebook (Goldberg & Fluer, 1986) about new semiconductor
fabrication plant safety requirements that were added to the Uniform Building and Uniform Fire Codes
in 1983, 1984, and 1985. This guidebook was written in aformat that printed direct code wording,
then followed the quoted provision with adiscussion that was intended to clarify the provison. This
clarification helped to provide rationd to a code requirement. The outline format of the guidebook and
the discussions could easily be followed by design professonds trying to design a semiconductor
fabrication plant to meet the new codes. The discussionsin particular, many times suggested a solution.
The authors state in the guidebook’ s preface, “ A description or diagram should not be seen asthe
solution but rather one of severa possible solutions” The forum for solving problemsis presented in the
guidebook as it was normaly accomplished in the 1980's. As described in the book, the designer
presented detailed congtruction plansto a code officid, who in turn performed a detailed review,
negotiations occur, changes to the plans are made, the whole process documented for the record, al

this before a building permit could be approved. This guidebook does not include permit gpprova



scheduling needed by afast track project, and many of the code discussions are based on
semiconductor production technology that is obsolete. Even s, its format does suggest an idea that
could be useful to afast track semiconductor project. A working relationship between design
professonds and fire officids requires a bass for understanding of how the code will be gpplied. Just
asin this guidebook, it could be provided in asmple outline form.

The fire ingpector’ s job has changed over the last 20 years from being an enforcer, to being a
highly skilled professiona adept in dl aspects of fire prevention. An article on this topic (Scott, 1997)
provided severd examples of how ingpectors must prove their vaue to the community by being seen as
partners and consultants to business. The article explains that the fire prevention officer of the 1990's
must not only be the traditiona hard-nosed cop enforcing the fire code, but also possess the skills and
knowledge of a chemicd engineer, Sructurd engineer, and fire protection engineer. In addition, an
inspector must be an educator, business consultant, and occasiondly, alinguist. The inspector must not
only be able to gpeak the technica language of an engineer, but must dso be able to work increasingly
with business owners for whom English is a second language. The article also discusses the growing
trend towards fire ingpection duties being performed by building ingpectors. Accountability is addressed
by Barbara Koffron of the Phoenix Fire Department. She feels that an eectrica ingpector could be
trained to review fire darm systems and a plumbing inspector could be trained to check sprinkler plans.
But she points that the fire department has a vested interest in seeing it doneright. This need for
technical expertise and accountability during afast track project is not only important to the fire
department but aso to the semiconductor company. Especidly when the project involves highly

technical systems such as those required for a semiconductor fabrication plant.
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Accountability during a current fast track project in Austin, Texas was placed squarely on the
shoulders of the city inspectors (Hiott, 1997). The new Austin-Bergstrom Internationd Airport isahigh
profile, public project utilizing fast track scheduling to meet acompletion date in May 1999. Fifteen full
time city inspectors were made responsible for 90 infrastructure projects and the new 450,000 square
foot termina building. Their jobsinvolved more than ingpecting, they were required to provide oversight
for quality control and dso safety. Ther daily duties involved meeting with not only contractors, but
also the laborers. The laborers are described as the people who let city inspectors know if they are
being made to work in unsafe conditions. Other airport projects have experienced fatdities, and an
excdllent safety record on this project was agod for arrport officias. Ingpectors were given the
respongbility of deciding between aworkerslivelihood, or his safety. If workers got enough safety
violations, they would get their badges pulled. If the violations were wide spread enough, a supervisor
lost abadge. No badge meant no work in the heavily secured area of anew arport. Accountability for
quality control and safety during afast track project was accomplished by the ingpectors on this project.
The City of Audtin had learned this from earlier fast track projects involving the semiconductor industry.

Full time ingpectors were utilized by the City of Austin on its second fast track project with the
semiconductor industry. Motorola was prepared to spend $100 million onits new MOS 11 plant
expanson in the Oak Hill areaof Augtin. The City had indituted severd management initiatives that
promoted worker empowerment and it was felt afast track project would benefit both the City and
Motorola. The results of this were documented in avideo (Siedor & Byerly, 1991) that interviewed the
design professionds and representatives of the City. Theincorporation of City reviewers and inspectors
into the design team was discussed as one of the reasons for a successful project. It was fdt that having

full time city representatives dedicated to this fast track project was dso akey to success. Their



avallability to desgners and contractors saved time and made necessary changes easier to accomplish.
The procedures followed during this project were repeated on another semiconductor project, however
the assgnment of full time City representatives was not feasible due to shrinking budgets and workforce.
The references indicate that fire department representation on afast track project involving the
semiconductor industry might benefit community development leaders, the semiconductor business
community, public safety needs, and possibly even the department itself. The benefits seem to be
contingent upon afire department’ s ability to contribute to a successful project rather than be a
hindrance to the team. It must dso have the ability to provide accountability that other project team
members are not trained to perform. In order to accomplish these, it must dso have available personne
to dedicate. That in itself can be a problem, especidly consdering the shrinking resources that many fire

departments face today.

Procedures

The descriptive procedure used for this paper documents the fire department participation in the
Austin area’ s most recent semiconductor plant construction project. The project described isthe
Samsung Austin Semiconductor fabrication plant that began design in January, 1996 and received its
certificate of occupancy from the City in October, 1997. This description includes amonthly log of the
Audtin Fire Department (AFD) participation, an accounting of monthly time, and an accounting of
monthly ingpection information. Also included is an informa opinion survey, presented in an effort to
help judge the project team satisfaction with the AFD participation on this project. Thisinformation
hopefully will be ussful to other communities participating in Smilar projects, and to participantsin future

projectsin Augtin.



Description of Fire Department Participation

The procedure for this paper begins with a monthly description of design and congtruction activities
onthisproject. The building satus information is summarized from progress meeting minutes. The
AFD participation information is summarized from project design correspondence, project meeting
minutes, and AFD inspection reports. The AFD emergency response information is summarized from
run reports. The monthly description this information providesis an outline of the progress milestones
and issues to be expected by afire department.

Fire Department Hourly Workload

The number of hours spent each month by AFD’ s Fire Protection Engineer, Hazmat Engineer, and
Lieutenant inspectors are described in a table dong with project totals. The hours spent by each group
of AFD daff are summarized from AFD time logs kept during this project. Thisinformation provides
the schedule of time required by fire department staff over the project life. 1t dso providestotd project
time estimates needed for determining dternative project affing on future projects.

Fire Department Inspection Output

The number of ingpections performed and the number of hazards found are summed for those
months that required construction inspections. The monthly totas are taken from the ingpection reports
filed by AFD daff. These are presented in atable, dong with the project totals. The ingpection and
hazards found are presented to help describe the necessity for fire ingpections during a project of this
complexity and magnitude.

Project Team Opinion Survey

Ladt, the results of an informal opinion survey are presented. These results describe the opinions

held by those managers attending the last project meeting on November 14, 1997. Itsintent isto help
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describe the other team member’ s perception of the AFD staff’ s participation. This survey servesasa
time saving device in lieu of individud interviews with managers from the companies responsible for the
design and condruction. It is not intended as aformd scientific evauation or datisticaly vdid andyss
of opinions from dl individuas involved in the project. A larger scope survey isnot possible dueto the
trangent nature of individua designers and contractors on thisjob. The intent of the survey isto
informally gauge manager satisfaction. Thetota number of surveys obtained is 23, with individua
affiliations of 3 Owner Employees, 10 Consulting Engineers/Architects, and 10 Congtruction
Contractors. Dueto thissmal survey size, 95 percent confidence intervals, survey testing, and bias
adjustments are not determined for this paper.

The wording and evauation for the Samsung survey is modeed after previous AFD employee
surveys, with questions being dightly revised to account for specific details pertinent to the Samsung
project. Likethese larger departmenta surveys, the informal Samsung opinion survey procedures
follow those found in an Internationa City Management Association specid report (Miller & Miller,
1991) on customer surveys. Theinforma Samsung opinion survey conssts of two questions designed
to anonymoudy categorize project duties, and eight questions concerning AFD participation. The eight
opinion questions require a response to one of four symmetrica options, two negative and two positive.
Thereis not an answer option shown for no opinion. However, aresponse showing no answer or No
opinion is anticipated as described below. The survey questionnaire used is shown in Appendix A.

Andysis of the survey starts with the caculation of raw percentages for those responding to each
answer option. Those responding to the two negative answer options are assigned scores of 1 and 2
respectively. Those not responding to a question, or those indicating a response between the negative

and positive options, are assigned the score of 3. Those responding to the two positive options are
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assigned scores of 4 and 5. Thisis accomplished for al team members, and for each of the three team
member affiliations noted in Question 1. The raw percentages are then multiplied by the goplicable
points, and then summed to obtain average scores for each question.. The average scores greater than
1 but less than 2 are consdered very negative. Those greater than 2 but less than 3 are considered
negative. The average scores greater than 3 but lessthan 4 are positive. Those greater than 4 but less
than 5 are very podtive. Depending on the question, this andys's should provide an informd gauge as
to the project team’s satisfaction with AFD assstance. Differences between the three groups of

member affiliation might help to identify potentia needs that AFD could address on future projects.

Results

Description of Fire Department Participation

Austin Fire Department (AFD) design assistance and congtruction ingpection at the Samsung
Austin Semiconductor fabrication plant began in January, 1996 and lasted until October, 1997. A
monthly summeary of the Fire Department’ sinvolvement in the $1.3 billion project is described below.

January, 1996. Austin Fire Department (AFD) staff attend a mesting to kick off the recently
announced production facility. It isagreed to use the 1991 Uniform Building and Fire Codes for this
project. Discussion concernsthe City’sfast track approval process, subdivison platting, zoning
designation, and annexation. The Steislocated just outside the Augtin City Limits, and Fire Department
response is of concern to Samsung officids. Without annexation, the AFD Hazmat Team cannot
respond to the Samsung Site. A specia arrangement or contract with the area Volunteer Fire

Department would be necessary if Samsung proceeds without being annexed.
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February, 1996. Samsung proceeds with annexation, and other land development approvas. The

Fire Chief ingructs the Fire Marsha to assgn first line supervisorsto assst Samsung. The Fire Marshd
decides to assign the Fire Protection Engineering Supervisor, a veteran Lieutenant ingpector, and the
Hazmat Engineering Supervisor to the project. They act as single point of contact for their area of
respongbility, but must share respongbility for project team satisfaction. In case the primary contact is
unavailable, each designates a backup who is respongble for assgting the others. Design team meetings
are held to introduce members and discuss initid improvements such as anew highway to the Site,
extenson of utilitiesto the Ste, and the Site plan for buildings. AFD activities center mainly on water
supply and site access for fire gpparatus. The Samsung design team conssts of their corporate project
managers and technical gaff, aloca architecturd firm, anationa consulting engineering firm, and alocd
land development law firm.

March, 1996. Samsung holds a groundbreaking ceremony attended by City, County, and State

officidsincduding the Mayor of Austin, County Judge of Travis County, State L egidators, and the
Governor of Texas. Numerous corporate Samsung officials are dso present. AFD attends as the
South Korean tradition for groundbreaking includes the use of explogvesrather than shovels. Site
contractors begin to clear the Ste and excavate for building foundations, roads, and dte utilities. AFD
Fire Protection and Hazmat Engineers attend project team meetings to answer code and project
coordination questions from Samsung and its design consultants.

April, 1996. AFD Lieutenant works with design team on layouts for fire gpparatus access. AFD
Fire Protection and Hazmat Engineers begin working closdy with building desgnersto hep indicate
code issues on preliminary building floorplans. AFD and Building Department representetives explain to

the project team that dl life safety systemswill need to be ingtaled prior to hazardous production
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chemicals being bought onto the Ste. This has been abasic priority on dl other projectsin Augtin. Itis
determined that part of the Centra Utility Building (CUB) will need to be congtructed as a hazardous
occupancy due to chemica usage in the deionized water (DI) process. This was unanticipated by
Samsung, and specific information concerning the DI processis not available. Samsung has not yet
picked a DI Subcontractor. It dso becomes evident that water supply to the site will not be available
before structural construction is completed. AFD Fire Protection Engineer and Lieutenant work out
solution of temporary water tanks and access roads.

May, 1996. Congtruction of footings and foundations for the Administration, Semiconductor
fabrication building (Fab), and the CUB buildings are proceeding. Consultants are preparing
architecturd designs, structura designs, and bidding documents. AFD Fire Protection Engineer
coordinates with building designers and the Fire Sprinkler Subcontractor on options for protecting
different areas. AFD Hazmat Engineer coordinating with Consulting Engineers on chemicd issues
relaing to building design. Chemicd quantitiesingde Fab are presented and chemica quantity
limitations are evduated. Samsung's need for large quantities of pyrophoric gasindoorsis identified.
Thiswill necesstate an dternative method of compliance with the UBC and UFC. The Consulting
Engineers begin working on a solution that requires hiring outside help for technica reports.

June, 1996. Architecturd and structural design work by loca consultantsis completed with bid

documentsissued. Theloca architecturd firm fades from participation in design meetings. Thisfirm has
worked previoudy with AFD on the last three Fabs completed in Audtin. Project management shiftsto
the nationd engineering firm hired by Samsung. AFD staff works with project management that has
never completed a semiconductor facility in Austin. AFD Fire Protection Engineer begins reviews of

gte water supply lines, and building exit sysems. Design discussons concern darm system
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requirements with the Alarm Subcontractor, CO, suppression systems with the Fire Sprinkler
Subcontractor, and smoke control issues with the Consulting Engineers. AFD Hazmat Engineer begins
work with Samsung Process Managers concerning code requirements to dlow use of production gas
that is not used at other plantsin Audtin, and isnew to AFD. Thisreective gasis highly toxic, water
reactive, and requires specid hazmat response suits. Samsung agrees to purchase additiona suits for
the AFD Hazmat Team. It is determined thiswill necessitate another aternative method of compliance.
Design team coordination on an dternative safety system for this and the pyrophoric gas continues.

July, 1996. Samsung announces that over $200 million in primary subcontracts are available.
They sponsor aloca seminar for businesses wishing to bid on thiswork. The design team shiftsto
work concerning mechanica and dectricd issues. Site utility congruction is beginning and the AFD Fire
Protection Engineer and Lieutenant are involved in underground fire lineissues. Plan submittals for
building sprinkler systems and darm systems are reviewed by AFD. Design team is preparing bid
documents for chemica storage and dispensing building. They do not require ass stance from AFD
Hazmat Engineer this month. AFD emergency medicd response is required to afal from adrilling rig
that is placing foundation footings.

August, 1996. Concrete framing and structurd supports for the Adminigtration, CUB, and Fab
buildings are going up. AFD Fire Protection Engineer and Lieutenant concerned with Stefireine
congtruction problems. AFD plan review continues on fire sysems. AFD Hazmat Engineer works with
Consulting Engineers on requirements for flanmable liquid dispensing from the Contained Chemica
Storage System (CCSS) building. The Consulting Engineers do not know answers to severa important
process questions, as Hazardous Production Material (HPM) Subcontractors have not been selected

by Samsung for supplying chemica sysems. Hazmat work aso continues toward identifying possble



dternative compliance systems for the pyrophoric and reective gas quantities. These are dso hindered
by process information not yet being available.

September, 1996. Building dructures are still under congtruction along with Site utilities, roads, and

parking lots. AFD Fire Protection Engineer and Lieutenant work with consultants concerning location
and protection of temporary officesand tralers. These are for additiona subcontractors that will soon
be on the condruction dte. Plan review of building fire systems continues. AFD Hazmat Engineer
works with Consulting Engineers concerning routing of flammeable liquid lines through the CCSS
building. Gasand Liquid HPM Subcontractors, and a DI Water Subcontractor are still not participating
in the design.

October, 1996. Sdes are going up on the buildings, and exterior precast pands arefilling in the

completed Structures. Site utilities, roads, and parking are about 75% complete. New members of
project team include Electrica Subcontractors and Mechanica Subcontractors. HPM Subcontractors
who will be supplying the gas and liquid chemicd systems are ds0 sdlected. Project management
trangtions to Samsung corporate manager. Heavy rains have caused concerns about Site access by fire
apparatus. AFD Lieutenant works with General Contractor to provide stable access roadways. AFD
Fire Protection Engineer reviewing underground firdine ingtdlations and reports. AFD Hazmat Engineer
working with Gas HPM Subcontractor on requirements for bulk cryogenic gas systems and the
pecidty gas systemsthat will be located insde the Fab and CCSS buildings. AFD emergency rescue
response required for a construction truck rollover.

November, 1996. Congtruction for the Industrid Wastewater Treatment (IWT) plant is started.

AFD Fire Protection Engineer working with Fab and CUB fire sprinkler designers. AFD Hazmat

Engineer working with the Consulting Engineer on the chemical waste drain lines and chemicad sefety



requirements ingde the Fab. Hazmat coordination also involves chemicd storage at the IWT and
answering questions from the IWT Subcontractor. HPM Piping pressure test requirements are
reviewed with Gas HPM Subcontractor. AFD emergency medica respond required to an incident
involving two fdl victims, from 12 feet onto concrete.

December, 1996. Interior structurd work is progressng in dl buildings. Roads are complete. Still

working on some gte utilities. AFD Fire Protection Engineer reviews fire sprinkler and darm plans for
the Adminigration and CCSS buildings. Sprinkler plans for cooling towers are discussed. Lieutenant
reviews changes to interior roadways. AFD Hazmat Engineer begins discussng safety requirements
with Liquid HPM Subcontractor. The Liquid HPM representative has virtudly no information
concerning the design to beingtdled. This concerns AFD. Samsung Process Managers identify a
semiconductor production tool that contains more HPM than alowed by the UFC. A third dternative
compliance designis needed. The pyrophoric gas, reactive gas and production tool dternative
compliance designs are continuing projects. AFD emergency medica responses include an individud
experiencing dizziness, another having a seizure, two more incidents for fals from scaffolding, and one
cdl for afoot injury.

January, 1997. Mechanicad and dectrica congruction sartsingde dl the buildings. Clean room
area congdruction including massive ar handling and filter sysems sarted. AFD Fire Protection
Engineer reviews more darm plans. The AFD Hazmat Engineer informs the Fire Department Chief of
concerns rdated to lack of information on chemica system desgns. Thereisapossibility of AFD being
put in the position of turning down requests for introduction of chemicasinto the Fab later. The AFD
Fire Chief asks the Hazmat Engineer to meet with Samsung project management and explain the

concern. Samsung Project Management is made aware of need for specific chemica system
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information. They and the ret of the project team are reminded that HPM chemicas will not be
dlowed in the Fab unless dll life safety features are completed. This had been discussed last year, @ the
beginning of the project design, but many new faces have joined the team and are unaware of this
requirement.

February, 1997. Interior structurd work is complete and finishout started. Mechanica and

electrical congruction continues. A program is Sarted by Samsung and contractor safety staffsin an
effort to limit congtruction accidents. AFD Fire Protection Engineer attends meetings concerning
completion of prinkler and darm systemsin time to dlow introduction of chemicds into the Fab.
Conaulting Engineers dso discuss requirements for being dlowed to occupy the Adminigtration building
in phases. Lieutenant begins meeting with City Building Department inspectors to coordinate building
and life safety ingpections. AFD Hazmat Engineer prepares a Spreadsheet of dl UFC requirements that
shows the status of each item on this project. The spreadsheet includes testing and performance
expected prior to being given AFD inspection gpprova. Thisis given to Samsung Project Management
and is used in future progress meetings to update project status toward getting gpprova for chemicals
insde the Fab.

March, 1997. AFD Fire Protection Engineer and two part-time Lieutenants are visualy inspecting

sorinkler systems, witnessing hydrogtatic testing of interior sprinkler piping, and continuing ingpection of
exterior firdineingdlations. Mog of their work isin the Adminigration, CUB, and Fab buildings AFD
Hazmat Engineer begins working with DI Subcontractor concerning code requirements for chemicas
used in the deionized water production process located in the CUB. Thiswill be one of the first systems
brought on line as DI water isused in virtudly al production. 1t isaso needed for initid chemica

system purification.
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April, 1997. Specid procedures for entering the fab areas are now in effect. All workers,
including AFD personndl, must don clean room garments and follow ulta- purity protocols for indde the
fab building. AFD Fire Protection Engineer helps answer Consulting Engineer questions concerning the
backup battery room and the fire protection systems required inside the semiconductor production
tools. Lieutenants are ingpecting fire sysemsin the CCSS, CUB, and the cooling towers. AFD
Hazmat Engineer meeting with DI Subcontractor, IWT Subcontractor, and Gas HPM Subcontractor
regarding their chemicd system designs. The Liquid HPM Subcontractor does not request any design
reviews or provide information. A meeting with contractor safety representatives is held to outline the
introduction of chemicdsinto the buildings while congruction is il in progress. AFD dtaff meetswith
Fre Marshd and Building Officid to discuss and gpprove the dternative compliance designs for the
pyrophoric gas, reactive gas, and production tool that did not meet code.

May, 1997. Congtruction on building interiors continues. There are now approximately 1,640
workers on the site. This causes a parking problem resulting in access roads regularly being blocked by
parked cars, ddlivery trucks, and equipment containers. After taking 20 minutes to access the site for a
meeting, AFD gaff consults with the Fire Marshd. Samsung Project Management is notified that no
further ingpection gpprovas will be given until fire gpparatus and ambulances can be assured accessto
the ste. Within two days, additional equipment laydown aress are provided and fire lanes are marked.
AFD Fire Protection Engineer reviews revisons to sprinkler plans that are needed now that specific
planning and layouts for production equipment are being completed. Lieutenants ingpecting fire systems
primarily indde the Fab. AFD Hazmat Engineer reviews and approves toxic gas exhaust caculaions.
These are required by the UFC to limit emergency release concentrations to less than one half that

deemed Immediately Dangerous to Life and Hedlth (1/2 IDLH). Congtruction requirements for the



pyrophoric gas rooms, deionized water, and the liquid chemical sysems are discussed. A new
representative from the Liquid HPM Subcontractor does not know al details about system to be used,

S0 goes back to main office to find out answers.

June, 1997. Mgor condruction insde buildingsis complete so clean protocols are raised to a
higher level. Work crews continuoudy roam the interior sweeping and wiping al surfaces. Temporary
tent structures are placed on the northwest and southwest sides of the Fab for protection while
unpacking production tools. Tools are moved insde for ingtdlation on the second floor of the Fab.
Conditiond approvd for use of occupying specific areas of the Adminigtration building is given for
additiona workers due to fit-up of production equipment. AFD Fire Protection Engineer asssisthe
two Lieutenant inspectors with questions they have on fire sprinkler ingalations in the Adminigtration,
CCSS, and IWT. AFD Hazmat Engineer ingpects and gpproves use of aboveground fuel tanks for the
emergency generators, cryogenic oxygen vessel, and corrosve liquids in the CUB for arting
production of DI water. Meetings with Liquid HPM Subcontractor proceed and it is found that they
have aready purchased much of the chemical dispensing equipment. However, some dispenaing units
don't meet UFC code requirements for automeatic shutoffs and flammable liquid tanks. AFD istold
dternaive desgnswill be presented. AFD Hazmat Engineer receives an open record request from
USA Today regarding Samsung's chemicd inventory. City Attorney and State Attorney Generd’s
office get involved before the inventory is ruled confidentid. AFD emergency medica responses
required for two incidents involving chest pain. One response due to a fire darm mafunction.

Jduly, 1997. The Samsung Site emergency response team participates in its first mock drill to show
it is prepared for chemicas being brought into the facility. AFD now utilizing two to four part time

inspectors. In addition to fire sprinkler risers, they are now testing eevator recdls, heat detectors,



smoke detectors, smoke dampers, air handler shutdowns, pull stations, audio/visuas, and emergency
lighting. They are working mostly in the Fab, but dso in Adminigtration and CUB. They have found
hydrants obstructed by construction containers and others with valves closed. AFD Hazmat Engineer
gpproves cryogenic hydrogen vessdl. Ingtdlation of Liquid HPM dispensing equipment began without
find resolution of issues with AFD. To meet project schedules, Samsung Project Management requests
ingpection to alow liquid chemical introduction into the CCSS and Fab. Hazmat inspection identifies 51
hazards regarding incomplete life safety systems and liquid chemicd digpensing sysemsin the CCSS
building and the Subfab level. The Subfab leve isthe firgt floor of the Fab and is the location for
chemicd piping, chemica vave manifold boxes (VMBS), and associated equipment needed by the
production tools on the Fab's second floor. Samsung Project Management and the Vice President for
the Liquid HPM Subcontractor begin working on solutions and many items are fixed before the end of
the month. Many unprotected piping penetrations through fire rated walls are fixed. Life safety hazards
in the Subfab levd include fire rated doors in exit corridors not shutting due to inadequate closers. Also,
one exit corridor has been converted to atemporary gowning areafor donning ultra- clean garments.
Both impact approvas for chemical digtribution in the Subfab. An attorney for alocal activist group files
acomplaint with the City and State regarding Samsung’ s introduction of chemicasinto buildings. AFD
deff isable to carify stuation and verify that dl isunder control. AFD emergency response required for
two fdse darms dueto firedarm testing. AFD hazmat team response required due to worker smelling
paint and mistaking it for production chemicas. No production chemicals gpproved to bein that area a
thistime. Later in month, AFD emergency medicd response required for person having difficulty

breathing, unrelated to any chemicas.



August, 1997. The Mayor and City Council tour the site and Fab. The number of congtruction
personnd is dwindling, but Samsung employees now totad 750 on the Site. Semiconductor tool ingdlers
are working around the clock. AFD and City Building Department agree to alow third party ingpection
of tool ingtalations that will bein accordance with an gpproved checklist. AFD Fire Protection
Engineer reviews problems with fire darm audibility in CUB and Subfab, hel ps design team decide
corrective options. Lieutenants allow conditional occupancy of additiond areas in the Adminidration
building, till some areas needing sprinklers, darms, and exiting completed. Inspections dso include
Vesda smoke darm system in the Subfab, exhaust scrubber heat detectors, gas cabinet sprinklers
checked. Fire dampers separating the chemica storage areasin CCSS, and fire pumps in the CUB are
tested. More underground fireline connections are being made to building risers. These are tested and
the Lieutenants find more fire hydrant vaves closed outsde. AFD Hazmat Engineer gpproves some
chemica storage of acids, bases, and oxidizers in CCSS upon completion of life safety and chemica
sysem features. There are ill problems with flammable liquid systems as tanks instdled do not meet
national standards. Later in month, oxidizer and acid introduction from CCSS into the Subfab is
alowed up to the VMBs. Acid and solvent waste tanks are reviewed. Acid systems gpproved but
solvent tanks do not meet national standards. They aso must have overflow protection ingaled. AFD
emergency response to four fase darms due to system mafunctions. One response to darm activation
due to congtruction spray painting. Another AFD hazmat team response due to medical problem
erroneoudy attributed to production chemicas. AFD responseto dectricd trandformer fire and again
later to problem with emergency generator system. This later necessitates remova and replacement of

an emergency generator set.



September, 1997. There are now over 360 semiconductor production toolsingtaled in the

fabrication area. Frg dliconisintroduced into the production line asthe first step in qudifying the Fab
for producing marketable chips. AFD Fire Protection Engineer reviews additiond plansfor firedarm,
and CO; fire protection system upgrades. These are added in some tools to meet insurance carrier
requirements. Lieutenants finish up reingpections and retest the new emergency generator set that was
damaged by the transformer firein August. AFD Hazmat Engineer inspects and gpproves use of most
gas and liquid HPM from VMBs in the Subfab. Items required for the three dternative compliances are
ingpected. One control system for the pyrophoric gas dternative is found sabotaged, Samsung officids
peculate it was done in retdiation for using non-union dectrica contractors. AFD emergency response
required for two darm system mafunctions and two false darms activated by pull ations.

October, 1997. The County Judge and Commissioners tour the essentialy completed Fab and

gte, dong with member of the nationd technica press. Lieutenants complete afire find ingpection and
give their approvd for the fire protection syssems. AFD Hazmat Engineer completes fina inspections,
automatic shut off capabilities, and approvason al gas and liquid systems. City issues afind certificate
of occupancy for Samsung' sfirgt fabrication plant in Austin. AFD emergency medical responses for a
non-chemical related saizure, and for three activations due to find fire darm testing.

November, 1997. Production of chipsrampsup. Current production is estimated at 12,000

wafers per month. Samsung plansto ingtal another phase of production toolsin 1998 that will increase
production capability to about 25,000 per month. AFD gtaff attends meeting where it is agreed that
ingalation of additiond tools next year, will be under asecond building permit. In addition, it is dlarified

that dl other improvements will follow the applicable code editionsin effect at that time. Site safety
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during congtruction is calculated, and the lost time due to accidents is determined by Samsung safety as
one tenth that of the national average.

December, 1997. AFD and Building Department staff attend aluncheon with the Chairman of

Samsung Austin Semiconductor. He thanks dl for their help, and expresses his satisfaction with the
project team. Heindicates that Samsung made the right decision in coming to Audtin.

Fire Department Hourly Workload

The number of hours attributed to each AFD staff position and the totad for each month isshownin
Table 1. Thetotd project hours expended by the AFD staff from January, 1996 to November, 1997 is

shown as 1,266 hours.

Tablel

Summary of Fire Department Personnd Project Hours

Month, Year Fire Protection Hazardous Lieutenant Total
Engineer Materials I nspector Personnel
(Hours) Engineer (Hours) (Hours)

(Hours)

January, 1996 0 2 0 2

February, 1996 4 4 4 12

March, 1996 6 4 1 11

April, 1996 13 7 1 21

May, 1996 12 9 1 22



June, 1996 27 3 3 33
July, 1996 11 3 3 17
August, 1996 33 9 5 47
September, 1996 10 5 2 17
October, 1996 7 15 4 26
November, 1996 2 16 2 20
December, 1996 15 33 6 54
January, 1997 3 17 2 22
February, 1997 1 29 10 40
March, 1997 6 29 20 55
April, 1997 13 47 28 88
May, 1997 3 51 24 78
June, 1997 3 63 32 98
Jduly, 1997 8 66 144 210
August, 1997 12 73 172 257
September, 1997 5 49 24 78
October, 1997 2 41 8 51
November, 1997 0 7 0 7
Totd by Postion 188 582 489 1266




Fire Department Inspection Output

The number of ingpections and hazards found by AFD saff are shown in Table 2. These numbers
reflect the results for Fire & Life Safety ingpections and Hazmat ingpections. These are shown for each
month of the project. Thetotd Fire & Life Safety ingpections for the project equa 69 with 136 hazards
found. Thetotal project Hazmat ingpections equal 95 with 195 hazards found. These numbers reflect

the performance accomplished by the AFD gtaff from January, 1996 to November, 1997.

Table2

Summary of Fire Department |ngpections and Hazards Found

Month, Year Fire & Life Safety Sysems Hazardous Materid Systems
Number of Number of Number of Number of
Inspections Hazards Found Inspections Hazards Found
March, 1997 3 1 0 0
April, 1997 4 2 0 0
May, 1997 3 2 0 0
June, 1997 4 5 14 28
July, 1997 21 67 19 78
August, 1997 30 46 24 55
September, 1997 3 13 29 33
October, 1997 1 0 9 1

November, 1997 0 0 0 0



Total 69 136 95 195

Project Team Opinion Survey

Theinforma opinion andysis results are presented following the origind survey question shown
below. The average opinion is shown for those manager affiliations given as an Owner Employee, a
Contractor/Construction company, or a Consulting Engineer/Architect. The average opinion for al
respondents is labeled below asthe total.

Quedtion 3. Austin Fire Department interaction with the design team was insufficient and required

more time solving problems and assisting the project team.

Owner Employee (Corporate) = Very Negaive

Contractor/Construction = Negaive

Conaulting Engineer/Architect = Very Negative
Total = Very Negative

Quedtion 4. The Austin Fire Department should provide the design team additiond, detailed

information regarding specific Fire Code requirements.

Owner Employee (Corporate) =  Negative

Contractor/Construction = Pogtive

Conaulting Engineer/Architect =  Negative
Total = Negative
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Question 5. More information concerning past projects and problems was needed from AFD so0

that the design team could make better informed decisions.

Owner Employee (Corporate) =  Negdive

Contractor/Construction = Pogtive

Conaulting Engineer/Architect =  Negdive
Total = Negative

Quedtion 6. Austin Fire Department personnd adequately informed contractors about items

needing to be inspected and tested.

Owner Employee (Corporate) = Very Podtive

Contractor/Construction = Veay Podtive

Conaulting Engineer/Architect = Very Podtive
Total = VeryPositive

Quedtion 7. Austin Fire Department personnd passed ingpections frequent enough for this project.

Owner Employee (Corporate) = Very Podtive

Contractor/Construction = Vey Pogtive

Conaulting Engineer/Architect = Very Podtive
Total = VeryPositive

Question 8. An adequate qudity control pre-inspection or pre-test was performed before

requesting AFD inspection.

Owner Employee (Corporate) = Very Podtive
Contractor/Construction = Negaive
Conaulting Engineer/Architect = Podtive
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Total = Positive

Quedtion 9. Fire Department participation improved safety on the project during construction.

Owner Employee (Corporate) = Very Podtive

Contractor/Construction = Vey Podtive

Conaulting Engineer/Architect = Very Podtive
Total = VeryPositive

Quedtion 10. Safety items identified by the Fire Department were necessary for successful

operation of the Fabrication Plant.
Owner Employee (Corporate) = Very Podtive
Contractor/Construction = Veay Podtive
Consulting Engineer/Architect = Very Pogtive
Total = VeryPositive
Discussion
Comparison to Findings of Others

The project descriptions for the Samsung facility show a pardld to the referenced benefitsthat a
new semiconductor fab brings to a community. The additiond taxbase, new jobs, and busness
development desires of the community place additiond pressures on the Fire Chief and Fire Marshdl.
Thisis shown by their assgnment of supervisory staff to the Samsung project. Loca government
officids touring the Samsung site reinforces community support for the project. The immediate response
from City and State officials when an open records request was filed, and an environmental complaint

was received, is an example of the desire for success. At times, it seemsthe Fire Department is being



asked to take on additiond respongibilities that include community business development. That certainly
was the case regarding the Samsung project.

The references describe the need for fast tracking semiconductor related projects. The economic
viability of aplant depends on how fast it can be brought up to full production. The need for teamwork
to accomplish this was evidenced on the Samsung project. Project Management had to utilize not only
designers and contractors, but aso AFD personnel, for solutionsto problems. The need for acceptance
of systems not covered by present fire codes was evident on the Samsung project. Three requests for
aternative compliance were requested and worked out.

The referenced publications explain areas that the semiconductor industry has generated safety
concerns. Samsung experienced severd fase darms attributed to worker inexperience and concerns
about nonexistent chemical exposures. Due to anew reective gas being used at the Samsung plant,
emergency responders voiced concerns that had not been discussed since the firgt fabs were built in
Audtin. Theinsurance industry concern about catastrophic fire loss was experienced on the Samsung
project with their carrier requiring redundant fire suppression systems for specific processes.

The referenced methods of dedling with alarge fast track project were dl part of the AFD
participation. The owner and consultants being expected to provide much of their own technica
expertise was followed by Samsung and their consultants providing outside studies to justify severd
dternaive compliances. The reference indicating that Fire Departments are best suited to provide
accountability for life safety and hazmat issues proved true. The Samsung project team learned that life
safety and hazmat decisions needed to include AFD gtaff. When AFD gaff was not part of the
decison, there usudly wasadday. The reference explaining public and private partnerships was put

into action on the Samsung project by establishing design team roles from the beginning. Everyoneis



responsible for safety as evidenced by the excedlent safety record on the Samsung project. The
consultants and contractors are held accountable for providing designs that meet the established codes
prior to congtruction. They are dso accountable for construction performance prior to getting AFD
goprovas. AFD is hdd accountable for providing timely design assstance and inspections. AFD is
a0 accountable for asssting in finding acceptable temporary solutions that will avert potentia delays.
The reference providing a guide to the fire codes provided another solution for AFD. A similar
document was provided to the project team when it became evident that some team members were not
familiar with the UFC and AFD expectations. The reference that described future fire inspectors as
needing to be skilled professionas rather than enforcers, was on the mark. AFD staff became
consultants- to- the-consultants on numerous occasions. These included many cases where it was
required that the rationa behind a code requirement be explained. The reference regarding City
ingpectors being responsible for safety and qudity control at alarge project was dso gpplicable. The
City Council, City Manager, and Fire Chief dl placed respongbility for safety and quality control on the
Building Department and AFD. They dso held the City participants accountable for ensuring that the
project was completed without unjustified delays.

Interpretation of Study Results

The presentation of monthly activities shows that AFD’ s participation has to include the needs of
others holding an interest. The necessary components expected of AFD gaff include:
1. Fredaff underganding that they have been delegated respongbility from the community leaders.

2. Fire gaff being open to new ideas and methods for accomplishing equivaent safety.

w

Fire staff anticipating concerns from the public, workers, and emergency responders.

»

Fire gaff possessing and displaying exceptiond technical expertise.



5. Fire staff being able to accept accountability, and being able to educate other team members about
AFD wanting the job done right.

6. Hre daff that can communicate what they expect of othersin atimey manner. Likewise they must
be able understand what others expect from them.

The presentation of hours spent by each Fire Department staff type shows that the demands of a
fast track semiconductor project can best be handled by adiverse group. Thisis shown by the variaion
in hours required in 1996 for design, and the steady increase in hours required during 1997 for
congruction. Thetota hours that one employee can work without overtime is approximately 173 hours
per month. The monthly totals show only two months where more than one person would be required.
This might indicate thet one sngle-point- of-contact might be sufficient. 1t is not however, dueto the
demand for ingtant information by the design team. It is not uncommon to have severd technica
Specidties meeting at the sametime. AFD aso found that using the team concept kept one group from
being burdened with dl the workload. This alowed work outside the Samsung project to be
accomplished by the AFD project staff.

The presentation of inspection data justifies the main role of the fire department in identifying Fire &
Life safety hazards such asfire sprinkler and fire darm problems. It dso judtifies Fire Department
responsibilities for hazardous materid systems. Due to the Fire saff entering different parts of buildings,
at different times, additiona hazards can be identified that most building ingpectors would not have the
occasion to ingoect. It isinteresting that the number of ingpections and the number of hazards found are
amost equal when comparing Fire & Life Safety with Hazmat. This corresponds with the number of
pagesin the 1991 Uniform Fire Code being about hdf fire codes and the other haf hazardous materia

codes.



The informal opinion survey resulted in generd approva by project team members about the AFD
participation. There were some differences in opinion however. Question 4 concerned the amount of
information provided to the designers about fire code requirements. Contractor/Construction opinion
indicated that not enough was given while the Owner Employees and Consulting Engineer/Architect
managers felt the amount was adequate. Question 5 concerned the amount of information about
previous projects and problems that AFD provided. Again the Contractor/Consultant opinion indicated
that not enough was given while the others felt AFD provided enough information. Question 8
concerned whether adequate pre-inspections were performed prior to AFD approva being requested.
Once again the Contractor/Construction managers felt pre-ingpections were not adequate. The Owner
Employees and Consulting Engineer/Architect managers responded that pre-ingpections were adequate.

These differences in opinion might be attributed to a basic conflict between designers and builders.
These responses might be attributed to the Contractor/Construction managers seeing the result of design
falureswhen AFD was not able to approve systems on the first ingpection. The difference in opinion
concerning pre-ingpections might reflect a need for construction personnel to fee more comfortable
about what is required to obtain gpprovals. . It dso might be attributed to the Contractor/Construction
managers not being privy to many of the discussons early in the project between AFD and the design

managers.

Organizationd Implications

Review of the results shows that the AFD gaffing, policies, and participation on thisfast track

project have been successful. The use of ateam concept in Saffing such a project dlowed the AFD
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Fire Prevention Division to operate without any sgnificant workload problems. Shifting and prioritizing
outsde work, combined with spreading the project workload kept AFD from requesting additiona
personnel from City Management. The success of the project team and the cooperdtive attitude
reflected in a pogitive manner on the Fire Department. Another indication of this was expressed by the
Samsung Audtin Semiconductor Chairman, when he announced a the find meeting that Samsung had

made a good decison by locating in Audin.

Recommendations

The Augtin Fire Department was being asked to provide congtruction plan review and ingpection
services fagter, and in more detail, than what was normally expected on other projects. The staffing and
policies used for the Samsung project proved successful so no mgor changes are recommended for
AFD. Other fire departments may not have staff with fire protection engineering and hazmat engineering
capabilities. They may want to consider contracting for these services if the opportunity to participatein
afadt track semiconductor project comes to their community.

The purpose of this study isto establish atemplate for providing fire department services needed
by the semiconductor industry in completing new production facilities. An outline of Fire Code
requirements and required ingpections was provided during this project as areaction rather than a
proactive information exchange. In future projects, AFD should have such a document reedy at the
beginning of project team coordination. Later, when contractors begin participating, review of this
document should be made a part of the progress meetings. While the results of the project team opinion

survey are not conclusive. The conflicting responses by the managers regarding design, prior



experience, and preingpects indicate that AFD might serve in arole asfacilitator in communicating
expectations to the designers and contractors. This might result in less problems and delays later.

It is recommended that other fire departments plan their participation carefully, as they likdy will be
held more accountable for success of such aproject. Theloca demands for community development
and community safety are likely to expand afire department Chief Officer’ s responghilities into busness

development.
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Austin Fire Department Questionnaire
SEMICONDUCTOR FABRICATION PLANT CONSTRUCTION

1. Check your company affiliation:
O Owner Employee (Corporate)
O Contractor/Construction
O Consulting Engineer/Architect
2. Check your project responsibility:
O Project Management
O Environmental, Health or Safety
O Building Construction
(Grounds, Structures, Mechanical, Electric, Plumbing, Fire Sprinklers, Fire Alarms)
O Process Construction
(Tools, Chemical/Gas Storage, Chemical/Gas Piping, DI Water, Waste Treatment )
Please circle your gpinion concerning the project design .
3. Austin Fire Department interaction with the design team was insufficient and required more time
solving problems and assisting the project team.

Strongly Agree Agree Disagree Strongly Disagree

4. The Austin Fire Department should provide the design team additional, detailed information
regarding specific Fire Code requirements.

Strongly Agree Agree Disagree Strongly Disagree

5. More information concerning past projects and problems was needed from AFD so that the design team
could make better informed decisions.

Strongly Agree Agree Disagree Strongly Disagree
Please circle your gpinion concerning the prqect construction.
6. Austin Fire Department personnel adequately informed contractors about items needing to be inspected
and tested.
Strongly Agree Agree Disagree Strongly Disagree
7. Austin Fire Department personnel passed inspections frequent enough for this project.
Strongly Agree Agree Disagree Strongly Disagree
8. An adequate quality control pre-inspection or pre-test was performed before requesting AFD inspection.
Strongly Agree Agree Disagree Strongly Disagree

Please circle your gpinion concer ning Austin Fire Department project team contribution.
9. Fire Department participation improved safety on the project during construction.

Strongly Agree Agree Disagree Strongly Disagree

10. Safety itemsidentified by the Fire Department were necessary for successful operation of the
Fabrication Plant.

Strongly Agree Agree Disagree Strongly Disagree
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